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Description

TECHNICAL FIELD

[0001] The presentinventionrelatesto abutterfly valve
of a swirl system for an internal combustion engine.

BACKGROUND ART

[0002] An internal combustion engine is provided with
a number of cylinders, each of which is connected to an
intake manifold by means of at least one intake valve and
to an exhaust manifold by means of at least one exhaust
valve. The intake manifold receives fresh air (i.e. air from
the external environment) through a feeding pipe regu-
lated by a butterfly valve and is connected to the cylinders
by means of corresponding intake pipes, each of which
is regulated by at least one intake valve.

[0003] The introduction of a swirl system, which is
adapted to vary the section of the intake pipes during
engine operation according to the speed of the engine
itself (i.e. to the angular revolution speed of the crank-
shaft), has recently been suggested. At low speeds, the
air introduction section through the intake pipes is de-
creased so as to generate turbulences in the intake air
flow which improve the mixing of air and fuel in the cyl-
inders; in virtue of the presence of these turbulences
which improve mixing, all the injected fuel is burnt and
thus the polluting emissions generated by the combus-
tion are reduced. At high speeds, the introduction section
of the air through the intake pipes is maximised so as to
allow a complete filling of the cylinders and, thus, to allow
the generation of the maximum possible power.

[0004] In order to vary the air introduction section
through the intake pipes, each intake pipe presents two
reciprocally parallel channels, only one of which may be
fully closed by a butterfly choke valve. At low speeds, the
butterfly choke valves are closed consequently reducing
the air introduction section through the intake pipes, while
at high speeds the butterfly choke valves are opened to
maximise the air introduction section through the intake
pipes.

[0005] Each butterfly valve comprises a butterfly valve
plate fitted onto a shaft, which is rotationally mounted
within the intake channel to turn about a rotation axis
under the bias of an actuating device. Normally, the but-
terfly valve plate is welded onto the shaft, e.g. by spot
laser welding. If the welding between the shaft and the
butterfly valve plate is not perfectly performed, there is
the risk that such welding may break in time, mainly due
to the high pressures which occur within the intake chan-
nel at high speeds. In case of a fracture of the welding
between shaft and butterfly valve plate, the butterfly valve
plate itself may fall along the intake channel until it reach-
es the intake valves and thus damage the intake valves
themselves.

[0006] Consequently, a rigorous inspection of each
welding between a shaft and a butterfly valve plate is
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needed; however, such inspections considerably in-
crease production costs of the butterfly valves of a swirl
system.

DISCLOSURE OF INVENTION

[0007] Itis the object of the present invention to make
a butterfly valve of a swirl system for an internal combus-
tion engine, which swirl system is free from the draw-
backs described above, easy and cost-effective to man-
ufacture and simple to assemble.

[0008] According to the present invention a butterfly
valve of a swirl system for an internal combustion engine
is made according to that established in the accompany-
ing claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The present invention will now be described
with reference to the accompanying drawings which il-
lustrate a non-limitative example of embodiment thereof,
in which:

- figure lisaschematic view of an internal combustion
engine provided with a swirl system which comprises
butterfly choke valves made according to the present
invention;

- figures 2 and 3 are two perspective views of a part
of a butterfly choke valve in figure 1; and

- figures 4 and 5 are two prospective views of a but-
terfly valve plate of the butterfly choke valve infigures
2 and 3.

PREFERRED EMBODIMENTS OF THE INVENTION

[0010] In figure 1, numeral 1 indicates as a whole an
internal combustion engine provided with four cylinders
2 (only one of which is shown in figure 1), each of which
is connected to an intake manifold 3 by means of two
intake valves 4 (only one of which is shown in figure 1)
and to an exhaust manifold 5 by means of two exhaust
valves 6 (only one of which is shown in figure 1).
[0011] Intake manifold 3 receives fresh air (i.e. air from
the external environment) through a feeding pipe 7 reg-
ulated by a butterfly valve 8 and is connected to cylinders
2 by means of corresponding intake pipes 9 (only one of
which is shown in figure 1), each of which comprises two
reciprocally parallel channels 10 and is regulated by cor-
responding intake valves 4. Similarly, exhaust manifold
5 is connected to cylinders 2 by means of corresponding
exhaust conduits 11 (only one of which is shown in figure
1), each of which is regulated by corresponding exhaust
valves 6; an emission pipe 12, which ends with a muffler
(known and not shown) to emit the gases produced by
combustion into the atmosphere departs from exhaust
manifold 5.

[0012] According to a preferred embodiment, the fuel
(e.g. petrol, diesel, methane or LPG) is injected within
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each intake pipe 9 by means of a corresponding injector
13 arranged near corresponding intake valves 4. Accord-
ing to a different embodiment (not shown), injectors 13
are arranged so as to directly inject the fuel within each
cylinder 2.

[0013] Intake manifold 3 comprises a swirl system 14,
which is adapted to vary the introduction section of the
air of intake pipes 9 during the operation of engine 1
according to the speed of engine 1 itself. Specifically,
swirl system 14 comprises for each intake pipe 9 a choke
valve 15, which is mounted along one of the two channels
10 of intake conduit 9 and is adapted to vary the air in-
troduction section through channel 10 itself; specifically,
each choke valve 15 is mobile between a closed position
in which it fully closes channel 10 and a maximum open-
ing position.

[0014] Preferably, swirl system 14 comprises a single
actuator device 16 of the electronic or pneumatic type,
which simultaneously and synchronously displaces all
four choke valves 15. Actuator device 16 comprises an
electrical motor (according to a different embodiment,
the motor is either pneumatic or hydraulic), which con-
trols the displacement of a bar between two limit positions
corresponding to the closed and maximum opening po-
sitions of the choke valves 15; the bar is mechanically
connected to all four choke valves 15 so as to simulta-
neously and synchronously displace all choke valves 15
themselves.

[0015] As shown in figures 2 and 3, each butterfly
choke valve 15 comprises a shaft 18, which is rotationally
mounted about a rotation axis 19 under the bias of actu-
ating device 16 and supports a butterfly valve plate 20
adapted to fluid-tightly close a channel 10 of an intake
conduit 9. Preferably, each butterfly valve plate 20 is rig-
idly connected to shaft 18 by welding; alternatively, each
butterfly valve plate 20 may be rigidly connected to shaft
18 by means of screws.

[0016] Each butterfly choke valve 15 further comprises
a fastening flange 21, which is fitted onto shaft 18 and
made integral with shaft 18 itself. Fastening flange 21
displays a connection pin 22, which is eccentrically
mounted with respect to rotation axis 19 and achieves
the mechanical connection between the bar of actuator
device 16 and shaft 18 of butterfly choke valve 15 to
transmit motion from actuator device 16 to butterfly choke
valve 15 itself.

[0017] Each butterfly valve plate 20 comprises a seat
23, which is coaxially arranged with respect to shaft 18
and accommodates shaft 18 within itself. According to a
preferred embodiment shown in the accompanying fig-
ures, each seat 23 displays a closed semicircular shape;
alternatively, each seat 23 could display a centrally open
semicircular shape.

[0018] The function of each seat 23 is to maintain but-
terfly valve plate 20 in contact with shaft 18 in case of
breakage of the connection (welding or screws) between
butterfly valve plate 20 and shaft 18 itself. In this manner,
in case of breakage of the connection (welding or screws)
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between butterfly valve plate 20 and shaft 18, butterfly
valve plate 20 remains in contact with shaft 18 and cannot
fall along intake channel 10.

[0019] Preferably, each butterfly valve plate 20 com-
prises two centring elements 24, which are perpendicu-
larly arranged with respect to butterfly valve plate 20,
display a semicircular shape, and are coaxially arranged
with respect to rotation axis 19 at two opposite ends of
butterfly valve plate 20.

[0020] Each butterfly valve plate 20 is slightly smaller
than corresponding intake channel 10 because butterfly
valve plate 20 must be free to turn within intake channel
10; furthermore, the difference of dimension between
each butterfly valve plate 20 and corresponding intake
channel 10 must be such to avoid any mechanical inter-
ference also considering the inevitable construction tol-
erances of butterfly valve plate 20 and of intake channel
10. In some cases, a certain introduction gap between
each butterfly valve plate 20 and corresponding intake
channel 10 is also required by the engine manufacturer
in project specifications.

[0021] The dimensional difference described above
between each butterfly valve plate 20 and corresponding
intake channel 10 normally determines a certain uncer-
tainty about the axial position of butterfly valve plate 20
within corresponding intake channel 10; the function of
centring elements 24 is to determine a certain axial po-
sition of butterfly valve plate 20 within corresponding in-
take channel 10.

[0022] Preferably, each butterfly valve plate 20is made
by pressing a metal sheet; the manufacturing on each
butterfly valve plate 20 of both seat 23 and centring ele-
ments 24 is performed at the same time as the pressing
of butterfly valve plate 20 from the metal sheet by appro-
priately shaping the die. Consequently, the manufactur-
ing on each butterfly valve plate 20 of both seat 23 and
centring elements 24 is fast and cost-effective and does
not imply any increase of cost with respect to a standard
butterfly valve plate 20. Specifically, the manufacturing
of each seat 23 contemplates to cut butterfly valve plate
20 along at least two cutting lines perpendicularly ar-
ranged to rotation axis 19 and to locally deform butterfly
valve plate 20 between the two cutting lines.

[0023] Subsequently, each shaft 18 is inserted within
seat 23 of corresponding butterfly valve plate 20 and but-
terfly valve plate 20 is rigidly connected to shaft 18 (by
welding or by means of screws).

[0024] Each butterfly choke valve 15 described above
displays a number of advantages, because it allows to
maintain butterfly valve plate 20 in contact with shaft 18
in the case of breakage of the connection (welding or
screws) between butterfly valve plate 20 and shaft 18
itself. Furthermore, thanks to the presence of centring
elements 24, the axial position of butterfly valve plate 20
is determined in a certain manner within corresponding
intake channel 10. Finally, the manufacturing of each but-
terfly choke valve 15 described above is very cost-effec-
tive because, as mentioned above, no increase of cost
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with respect to a standard choke valve 15 is implied.

Claims

A butterfly valve (15) of a swirl system (14) for an
internal combustion engine (1); the butterfly valve
(15) comprises:

a shaft (18) which is rotationally mounted within
an intake channel (10) to rotate about a rotation
axis (19); and

a butterfly valve plate (20) which is rigidly con-
nected to the shaft (18);

the butterfly valve (15) is characterised in that
the butterfly valve plate (20) comprises a seat
(23), which is coaxially arranged with respect to
the shaft (18) and accommodates the shaft (18)
within itself.

A butterfly valve (15) according to claim 1, wherein
the seat (23) displays a closed semicircular shape.

A butterfly valve (15) according to claim 1, wherein
the seat (23) displays a centrally open semicircular
shape.

A butterfly valve (15) according to claim 1, 2 or 3,
wherein the butterfly valve plate (20) comprises two
centring elements (24), which are perpendicularly ar-
ranged with respect to the butterfly valve plate (20),
display a semicircular shape, and are coaxially ar-
ranged to the rotation axis (19) at two opposite ends
of the butterfly valve plate (20).

A butterfly valve (15) of a swirl system (14) for an
internal combustion engine (1); the butterfly valve
(15) comprises:

a shaft (18) which is rotationally mounted within
an intake channel (10) to rotate about a rotation
axis (19); and

a butterfly valve plate (20) which is rigidly con-
nected to the shaft (18);

the butterfly valve (15) is characterised in that
that the butterfly valve plate (20) comprises two
centring elements (24), which are perpendicu-
larly arranged with respect to the butterfly valve
plate (20), display a semicircular shape, and are
coaxially arranged to the rotation axis (22) at two
opposite ends of the butterfly valve plate (20).

6. A manufacturing method of a butterfly valve (15) of

a swirl system (14) for an internal combustion engine
(2); the butterfly valve (15) comprises:

a shaft (18) which is rotationally mounted within
an intake channel (10) to rotate about a rotation
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axis (19); and
a butterfly valve plate (20) which is rigidly con-
nected to the shaft (18);

the method is characterised in that it comprises
the steps of:

manufacturing a seat (23) on the butterfly valve
plate (20);

fitting the shaft (18) within the seat (23); and
rigidly connecting the butterfly valve plate (20)
to the shaft (18).

A method according to claim 6, wherein the step of
making the seat (23) on the butterfly valve plate (20)
contemplates:

cutting the butterfly valve plate (20) along at
least two cutting lines perpendicularly arranged
to the rotation axis (22); and

locally deforming the butterfly valve plate (20)
between those two cutting lines.

A method according to claim 6 or 7, wherein the but-
terfly valve plate (20) is pressed from a metal sheet;
the step of making the seat (23) on the butterfly valve
plate (20) is performed at the same time as the press-
ing of the butterfly valve plate (20) from the metal
sheet.

Amended claims in accordance with Rule 137(2)
EPC.

1. A butterfly valve (15) of a swirl system (14) for an
internal combustion engine (1); the butterfly valve
(15) comprises:

a shaft (18) which is rotationally mounted within
an intake channel (10) to rotate about a rotation
axis (19); and

a butterfly valve plate (20) which is rigidly con-
nected to the shaft (18);

the butterfly valve (15) is characterised in that
that the butterfly valve plate (20) comprises two
centring elements (24), which are perpendicu-
larly arranged with respect to the butterfly valve
plate (20), display a semicircular shape, and are
coaxially arranged to the rotation axis (22) at two
opposite ends of the butterfly valve plate (20).

2. A butterfly valve (15) according to claim 1, wherein
the butterfly valve plate (20) comprises a seat (23),
which is coaxially arranged with respect to the shaft
(18) and accommodates the shaft (18) within itself.

3. Abutterfly valve (15) according to claim 2, wherein
the seat (23) displays a closed semicircular shape.
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4. A butterfly valve (15) according to claim 2, wherein
the seat (23) displays a centrally open semicircular
shape.
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